Introduction
Vibration in buildings becomes a common problems and major concern especially in urban areas because of the daily activities. In major cities, complaints are usually made by annoyed owners of residential homes because of vibrations in buildings that are caused by heavy vehicles passing on adjacent road and construction work nearby due to the distance between buildings and the road, and even between two buildings are close. Vibration in buildings can reach levels that may not be acceptable to building occupants for one or more reasons such as annoying physical sensations that vibration may produce in the human body, interference with activities such as work, annoying noise caused by rattling of window panes, walls and loose objects and interference with proper operation of sensitive instruments [1] .
Ground Borne Vibration Induced by People Walking
Internal sources are a set of vibration sources acting inside a building, such as from mechanical excitation like washing machine or human activity itself by proving either continuous or transitory types of vibration. However, the possibility of internal vibration can be felt by residents in a building depends on the frequency source and resonance frequency and damping of the structural elements that propagate the vibration through the building. Thus, this problem is more common in high rise building [2] .
Davenny [3] concluded that internal vibration from footfall is often the major source of floor vibration compare to machinery. In other word, building floor will vibrate at its natural frequency in response to a footstep impulse and it is most severe at the middle of the floor and least severe near the columns. Vibrations from people walking or footfall are induced from the movement phases of legs and feet during walking. Where, the body weight is transferred to the floor. Fig. 1 shows the movement phases of legs and feet during walking. When the right foot touches the ground with the heel, this is the starting point of the contact forces and when the right leg is stretched, the full body weight is transmitted to the floor. Next, the right foot will rock while the left leg swings forward. This is called "rocking". Finally, the left foot touches the ground while the right leg swings forward. However, the vibrations due to footfalls also depend on the speed of walking. A more general footfall rate classification prepared by Arup [5] is presented in Table 1 . 
Vibration Criteria (VC) Curve
In this study, a specific vibration criteria guideline was used in order to investigate and obtain the performance of the structures. The vibration criteria (VC) curves and descriptions were intended to meet the needs of all tools within each category as the previous researchers could judge based on experience mingled with tool-specific specifications [5] . The wave spectrum is labelled according to the different magnitudes of the vibration criteria curve ISO level (less sensitive) to VC-E (most sensitive) [6] . Generic vibration criterion curves are plotted as shown in Fig. 2 .
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Figure 2: Generic vibration criteria (VC) curve for vibration-sensitive equipment [6] Field Measurement at Site
Field measurement was conducted to obtain the signal data for this study by using the Vibrometer equipment. Fig. 3(a) shows the Laser Doppler Vibrometer (LDV 100) which is used for vibration data collection and Fig. 3(b) shows the location of the measurement in the office building. The average weight of each test subjects is 65kg and they were walked in walking rate classification based on Table 1 by Arup. 
Finite Element Modelling (FEM)
The Registrar Office building has a dimension of 54m x 32.5m x 21m. ANSYS and MATLAB software are used to run the modal and transient analysis. The basic structure consists of a reinforced concrete frame comprising columns and beams with various cross sectional dimensions. Elements such as beam and column are designed with ANSYS BEAM4 and ANSYS SHELL63 for elastic concrete structure is designed for slab. The structural material is concrete for columns and beams having dynamic modulus of elasticity, E = 38GPa, concrete density is γ = 2500kg/m 3 and Poisson's ratio is ν= 0.2. Even though there are more research is needed to investigate the floor damping etc., in this analysis the values of damping are in the range of 1.5% to 2% are considered reasonable and modal damping was assumed to be ξ= 2%. The structure is meshed under suitable mesh size and the boundary condition on ground floor column to be a fixed structure. Fig. 4 
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Modern Civil Engineering in Trend of the Sustainable Infrastructure Development displays the three dimensional (3D) finite element model of office building with the natural frequency for the first mode is 1.16 Hz. The next stage is transient analysis was carried out to determine structural response by time domain in displacement, velocity and acceleration point on floor subjected to vibration inputs from people walking. Transient response due to time domain was transferred into MATLAB software. Further analyses are run in ModalV analysis which is in-house software developed in MATLAB to assess the structure response due to walking input of vibrations. The floor performances with the generic vibration criteria are then compared as shown earlier in Fig. 2 .
Results and Discussions
The final stage of analysis is on the floor assessment which is vibration criteria response has been checked against the generic vibration criteria guideline. Based on the vibration criteria curve by Amick et al. [7] , the vibration level recommended for office is at ISO or less. The measurement and analysis are carried out on different number of people, e.g.one, three and five people are walking. Fig. 6 shows the vibration response obtained from one, three and five people walking on floor panel of the office building. From the analysis, there is significant increase when more people are walking on the floor panel, from VC-E for one person, VC-B for three persons and ISO level when five people are walking. When one people walking, VC-E shows no perceptible vibration to the floor performance due to human. Three people walking shows the vibration response is increased from VC-E to VC-B, which is the floor is appropriate for inspection and lithography equipment. However it will not disturb much to the sensitive equipment. While for five people walking, it shows significantly increased from VC-B to ISO level indicating perceptible to vibration with peak root mean square value is about 400µm/s. This ISO level is appropriate to offices and no sensitive areas. Hence, the vibration response on floor will increase due to more people walking.
Further investigation is carried out on each floor (e.g. first, second and third floor) for the same people are walking. Table 2 shows the summary of the results for vibration response from the vibration level curve for different numbers of people walking. The result shows similar pattern of vibration response due to people walking. It shows the number of people influenced the vibration level on each level, VC-E for one person was walking, VC-B for three people walking and ISO for five people walking. Figure 6 :Vibration criteria analysis from people walking on floor of the Registrar office building
Conclusion
As a conclusion, there is a significant increase and difference on vibration response when more people are walking on a floor. The vibration is greatly influenced even when there are only two people more walking on the same floor panel each time measurement was taken. Referring to Fig.  2 , the maximum level of vibration allowed for office is ISO with maximum velocity of 400µm/s. Based on the result obtained; it is possible that the vibration level may exceed the recommended level for office building when there are more people walking inside the office building. Vibration might also be perceptible when building occupants are doing something that involves more steps per second such as running, jumping and dancing. Therefore, the presence of more people will give more effect on the floor performance due to vibration from walking.
